which temperatures are typically 3,000 kelvin, too high for solid particles to form. The strong flux of stellar photons -which not only accelerates but also heats the grains -severely limits the types of dust material that can form and survive at distances at which winds are triggered.
On the basis of element abundances and distinctive spectral features, magnesium iron silicates of the olivine and pyroxene type have long been considered to be promising candidates for wind drivers 3 . But detailed models demonstrate 4 that silicate grains have to be almost devoid of iron to exist at the distance from the stars at which the winds are accelerated, in contrast to earlier assumptions 3 . Because such particles are highly transparent at near-infrared wavelengths, at which most of the stellar flux is emitted, photon absorption will be insufficient to trigger an outflow. If, however, such iron-free silicate grains grow to 100-1,000 nm in radius, photon scattering dominates over absorption, providing sufficient radiative acceleration for driving winds 2 . It is therefore of note that silicate grains collected in the Solar System by NASA's Stardust mission 5 tended to be iron-poor. However, whether this reflects the original composition of grains produced in previous generations of stars before the Solar System formed, or whether stardust is heavily modified in interstellar space and during planetary-system formation, is unclear. To test theoretical predictions, the size and composition of dust grains have to be measured in the immediate vicinities of the stars in which they are formed.
By analysing starlight scattered on dust grains close to several cool giants, Norris et al. 1 found silicate particles with diameters of 600 nm at distances of about two stellar radii, in accordance with model predictions 2 . This result was made possible by a clever combination of advanced instrumentation and observational methods. The authors used measurements of polarization (the direction in which light's electric field oscillates) to identify photons scattered by dust and to determine the size of the grains, and employed interferometric Figure 1 | Dust-driven stellar winds. Dust grains forming in the atmosphere of a cool luminous star are accelerated away (white arrow) from the star through absorption and emission or scattering of stellar photons. By subsequently colliding with molecules in the surrounding gas, the grains accelerate the molecules, make them collide with other gas molecules and trigger an outflow of gas, or stellar wind. Norris and colleagues' study 1 of the immediate vicinity of several cool giant stars provides information on the sizes and material properties of the grains that drive stellar winds.
techniques to obtain high-spatial-resolution images of the close stellar environments in which the winds are triggered.
Identifying wind-driving dust grains in cool giants is a step towards a comprehensive picture of stellar-mass loss, which is essential for understanding ageing stars and their role in the cosmic-matter cycle. Stellar winds strongly affect the evolution of low-and intermediatemass stars. These stars are probably the progenitors of type Ia supernovae, which are a cornerstone of cosmological studies 6, 7 . Reliable mass-loss rates and dust yields are essential ingredients for understanding the chemical evolution of the Milky Way and other galaxies, and for estimating the effects of inter stellar dust on the light of distant galaxies, which is used in studies of the early Universe. The advanced technique used by Norris et al. 1 
Adaptation by target remodelling
Bacteria direct their movement in response to certain chemicals by controlling the rotation of whip-like appendages called flagella. The sensitivity of the response can be adjusted at the signal's target, the flagellar motor. See Letter p.233
hen we switch on a lamp in a dark room, our eyes adapt quickly to the lighting. Similarly, in a process known as chemotaxis, specific sensory systems in bacteria detect and adapt to changes in the concentration of molecules such as nutrients, so that the microbes can control the motion of their flagella and swim to more favourable environments. Many adaptive mechanisms act on cell-surface receptor proteins that detect stimuli and generate signals across the cell membrane and within the cytoplasm. Indeed, the sensitivity of the bacterial chemotaxis machinery is regulated by addition or removal of methyl groups on the chemicalsensing receptors (chemoreceptors) 1 . But, as Yuan et al. 2 report on page 233 of this issue, the machinery can also adapt by remodelling the target of signalling -the flagellar motor. Motor adaptation differs from receptor adaptation in its time frame, mechanism and function.
In the bacterial chemotaxis system, different chemoreceptors can bind to either attractant or repellent ligand molecules, and by doing so they alter the activity of a receptor-associated Fig. 1) . The kinase adds a phosphate group to the protein CheY, which can bind only in its phosphorylated form (CheY-P) to FliM, a protein component of the flagellar rotary motor. Binding leads to a switch in flagellar rotation from anticlockwise -the default state -to clockwise. As anticlockwise rotation powers forward swimming ('runs') and clockwise rotation causes abrupt directional changes ('tumbles'), their alternation generates a three-dimensional random walk. When the bacterium swims towards increasing concentrations of attractant, the interaction of attractant with its receptors reduces kinase activity, and thus CheY-P levels and the probability of tumbles, biasing the random walk in favourable directions.
But when ligand concentration remains constant, the system adapts by reverting to its null state, so that it can then respond to any additional concentration changes. Adaptation occurs through the addition or removal of methyl groups to the receptors in response to occupancy by attractants or repellents.
Methylation and demethylation shift receptor conformation and thus kinase activity, CheY-P levels, rotational bias and swimming behaviour in the opposite direction to attractant and repellent occupancy, respectively. These receptor adaptive changes occur more slowly than those generated by ligand binding, and this difference provides the bacterium with a means of comparing current and recent ligand concentrations through the opposing influences of receptor occupancy and the extent of methylation. The overall result is
Years Ago
The loss of the "Titanic"
The terrible loss of life on account of the disaster to the Titanic has directed emphatic attention to various aspects of the employment of wireless telegraphy in times of crisis at sea. The point which is at the moment attracting most of the public attention is that of the erroneous messages, or alleged messages, which appeared in the newspapers in the day or two following the disaster … All this raises more prominently than ever the chaotic condition of wireless telegraphy in the United States … [T]he most urgent call for help will pass unheeded if none of the operators on the ships within hail are on duty. In fact, it seems to have been a mere chance that the Carpathia operator was at his apparatus at the time the Titanic called. On ships that carry only one operatorand very few carry more -the man cannot always be on the look-out … Engineering aspects of the disaster are discussed in the leading article in Engineering for April 19 … [S]everal questions present themselves as ripe for discussion and settlement. The effect of centre-line or longitudinal wing bulkheads is one of these. Such have advantages in confining any water admitted to a part of the width, but have disadvantages even from the point of view of stability under disastrous conditions. The effect of impact on the superstructure of very large ships will have to be considered. In such ships it has become a practice to have two or three decks above the moulded structure. Would inertia have effects somewhat similar to those experienced in railway collisions, in which the body of the carriage is driven from the under-frame? … The engineers of the ship have all been lost -their claim to recognition is the simplest and best; they did their duty to the end.
From Nature 25 April 1912
At the time when the Titanic was lost the standing Advisory Committee appointed by the Board of Trade under the provisions of Merchant Shipping Acts was engaged in the reconsideration of the regulations for boats and life-saving appliances … The main recommendations of [their] report may be summarised. First, it is recognised that "the stability and seaworthy qualities of the vessel itself " must be regarded as of primary importance. This includes the question of watertight subdivision, now under investigation by a special committee. Second, as regards boats and life-saving appliances it is recommended that accommodation should be provided for the total number of persons which each foreign-going passenger steamship is licensed to carry … One of [the committee's] most valuable recommendations is that proposing to extend the present regulations and to prescribe to those in charge of ships the necessity for proceeding at moderate speed "at night in the known vicinity of ice. "
From Nature 29 August 1912
It behoves surely men of science to ask the question whether we have not reached the imperative limits of that false security which the "practical man" is wont to feel in his contempt for scientific "theory"; and further, whether the time has not therefore come for legislation requiring commanders of the largest ocean-going steamers to hold a diploma, guaranteeing such a systematic course of study (say in a class at Greenwich or Kensington) in marine physiography and the elementary laws of mechanics as would quicken their imagination as to the un certainty and the magnitude of the risks to be run in an abnormally ice-drifted sea. Lord Mersey's report may whitewash the facts, but the facts en évidence remain; and the chain of cause and effect in the lamentable and tragic loss of the Titanic leads us in the last resort to the notorious contempt for scientific acquaintance with the facts and laws of nature on the part of the "practical man".
From Nature 12 September 1912
Titanic sank on 15 April 1912 on its maiden voyage, after hitting an iceberg off Newfoundland.
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Figure 1 | Microbial sense and sensibility. Protein receptors on a bacterial cell's surface bind to specific attractant or repellent molecules, which act as inputs for the bacterium's sensory system. In the absence of attractant, a receptor-associated kinase enzyme donates a phosphoryl group (P) to the protein CheY. Phosphorylated CheY (CheY-P) is an intracellular signal that interacts with the protein FliM at the flagellar motor. This interaction generates a change in rotational direction of the motor -the system's output. Upon attractant binding, the receptor undergoes a conformational change that reduces kinase activity and consequently the levels of CheY-P and the probability of a change in the direction of rotation. Binding of repellent has the opposite effects. If attractant or repellent concentrations do not change for a while, the sensory system 'resets' rapidly and completely, within seconds, to a null state through receptor methylation (for attractant) or demethylation (for repellent) at the input end. Yuan et al. 2 find that the system also slowly and partially adapts at the output end to different, persistent levels of CheY-P. It does so by changing the number of FliM copies in the flagellar motor, thus shifting the narrow sensitivity range of the motor to correspond to different steady-state levels of CheY-P.
that the microbe can sense temporal changes in the concentration of relevant molecules and therefore can swim in the 'right' direction.
The flagellar motor is extremely sensitive to small variations in CheY-P concentration 3 , and this poses a challenge to the system because the steady-state CheY-P concentration varies among individual cells 4 . Given this variation, some cells would be expected to run only or to tumble only, and therefore to be unable to perform proper chemotaxis. As this does not seem to occur, a mechanism must exist to keep a correspondence between steady-state CheY-P levels and the narrow CheY-P concentration range over which the rotational switch is sensitive. However, previous research 5 did not find one possible mechanism -feedback from the flagellar rotary motor to the kinase.
Yuan et al. 2 investigated an alternative possibility: could the motor itself adapt to changes in CheY-P concentration? The authors used a strain of Escherichia coli that lacked the enzymes that carry out receptor methylation and demethylation, as otherwise the process under study would have been masked by the rapid and complete adaptation mediated by these enzymes. When the bacteria were stimulated by an attractant, the authors observed that the CheY-P concentration and the motor's clockwise bias both decreased rapidly, as expected. However, over the next few minutes, even though CheY-P levels remained unchanged, the clockwise bias gradually increased to an intermediate steady-state value that was lower than in the absence of attractant. A similar slow, partial adaptation of the flagellar motor was reported 6, 7 25 years ago in bacteria lacking the receptor methylation and demethylation enzymes.
The researchers 2 also measured the clockwise bias of flagellar motors in individual bacterial cells before stimulation, at maximum response and after partial adaptation. In the presence of persistently decreased CheY-P concentration, they documented a shift in the motor's sensitivity to CheY-P to a lower, but still narrow, concentration range. When they analysed these data using a mathematical model for cooperative motor switching, the results indicated that the adaptation probably reflected an increased number of binding sites for CheY-P in the flagellar motor -in other words, more copies of FliM.
To test this hypothesis, the authors expressed a modified version of FliM (fused to a yellow fluorescent protein) in the E. coli cells, and then observed these cells using total internal reflection fluorescence (TIRF) microscopy. The researchers did indeed detect increases of up to about 25% in the number of FliM copies (from 34 to 42 copies) in flagellar motors upon partial adaptation. This result is consistent with a previous finding 8 of CheY-P-dependent turnover of FliM units, and suggests a function for such a process: the addition of FliM copies to the flagellar motor would increase the probability of CheY-P binding to the motor and therefore the sensitivity of the rotational switch.
Yuan and colleagues' results 2 generate questions for future research. For instance, how does the flagellar motor sense changes in the level of CheY-P? And how does sensing lead to an increased number of FliM copies? How few and how many copies can be accommodated, and what structural interactions between FliM units allow such variability? Answering these questions will be challenging, but insight could be gained by identifying and characterizing mutant bacteria that are defective in motor adaptation, and by extending high-resolution fluorescence analyses such as the TIRF microscopy experiments done by the authors. Full answers are likely to require both biochemical and structural studies.
It also needs emphasizing that motor adaptation is a slow process, occurring over minutes. So, in the absence of methylationdependent adaptation of the receptors, which occurs within seconds, bacteria cannot perform chemotaxis 9, 10 . Nonetheless, motor adaptation is likely to be crucial for accommodating stochastic variations in the dosages of protein components of the chemotaxis sensory machinery, such as CheY. The adjustment of the sensitivity of a signalling system by adaptive remodelling of its output end is a tantalizing observation, because experience tells us that if a new strategy is discovered in one biological system, then there are undiscovered examples in other systems. Therefore, as the authors suggest, other biological molecular machines may adapt to changes in signal levels by resetting the sensitivity of their response. ■ Gerald L. Hazelbauer 
